This study was conducted to investigate the genetic variability of plant growth and physiological characters in thirty wheat genotypes under normal and drought stress conditions. Selection of important plant growth and physiological traits are essential component for wheat yield improvement. For this purpose, an experiment was conducted in the glasshouse during 2012-13 to estimate the extent of genetic components viz., genetic variance, coefficient of variability and broad sense heritability for plant growth and physiological traits under normal and drought stress conditions. Higher genetic variance was observed between the genotypes for the cell membrane stability, excised leaf water loss, relative water content, proline, sugar and glycine betain under both conditions. This suggested that these indices can be used as direct selection criteria for wheat improvement. While excised leaf water loss and fresh root weight revealed the least variability for GCV and PCV correspond to high heritability under stress condition. Hence, these traits can be used as indirect selection criteria under stress condition.
INTRODUCTION
Wheat, ranking second among cereals, is important staple food crop and it provides 21% of the food calories and 20% of the protein in human nutrition to more than 3.5 billion people in 94 countries (Braun et al., 2010) . Approximately 21% of the food relies on the wheat, which cultivated on 200 million hectares worldwide (FAO, 2010) . The global demand and consumption of agricultural crops for food urges food security due to burgeoning population. In rural areas of Pakistan, wheat is the important source of income. The wheat area, production and yield are 8693 thousand hectares, 24231 thousand tons and 2787 kg ha -1 , respectively during 2012-13 (GOP, 2012-13) . The yield gap is mainly due to erratic rainfalls, water scarcity in rainfed areas and high temperature. Pfeiffer et al. (2005) reported that drought affects the 50% of wheat area worldwide. Under such moisture stress conditions development of rapid, effective screening method is a major challenge for plant breeders (Khan et al., 2013; Mahmood et al., 2013; Subhani et al., 2012) . Germplasm improvement for drought can be accomplished significantly through the use of physiological interventions in breeding (Reynolds and Trethowan, 2007) .
Physiological traits gave better understanding of plants response against drought and insight into metabolic pathways at molecular level . Plants adopted drought tolerance via three major physiological domains: a) maintenance high plant water status under drought stress; b) maintenance of plant function at low plant water status; c) recovery of plant water status and plant function after stress. Among the first physiological domain, osmotic adjustment, proline, sugar, glycine betain, leaf succulence while from second physiological domain, relative water content, chlorophyll content and cell membrane stability are studied. Along with physiological traits, growth traits studied to access the drought impact on plant stature.
For developing suitable selection strategy, the knowledge of genetic variability present in the available wheat germplasm for growth and physiological traits is important (Noorka et al., 2009 and Rauf et al., 2013) . Genetic improvement of wheat crop is mostly depend on the degree of genetic variability and the magnitude to which desirable traits are heritable (Ahmad et al., 2014; Hanif et al., 2013; Hassan et al., 2012; Mahmood et al., 2013; Zamurrud et al., 2013) . This study provides the knowledge about the presence of variation in their genetic constitution and basis for effective selection. An attempt, therefore, was made in the present study to estimate the magnitude of genetic variance, coefficient of variability and heritability of growth and physiological traits by using 30 genotypes of wheat.
MATERIAL AND METHODS
An experiment was conducted for thirty wheat genotypes, developed by different research institutes for drought prone areas in Pakistan. This was conducted in glass-house of PMAS-Arid Agriculture University, Rawalpindi during 2012-13.Thirty wheat genotypes were sown in triplicate in Complete Randomized Design (CRD) in polythene bags (12×6 inch size), which were filled by soil mixture having field soil, sand and farm yard manure in 3:1/2:1 proportions and maintained in glasshouse conditions i.e. 20±2°C temperature, under natural daylight. Two treatments namely control and drought stress was imposed. Eight seeds were sown in each bag and after germination seedlings were thinned to four. Drought stress was imposed by withholding water as done by Gusmao et al. (2012) .
Water stress was imposed at tillering stage and watering was interrupted for 15 days of stressed treatment pots as reported by Bajji (2001) and control treatment was watered normally. After fifteen days of stress, data of physiological traits including osmotic adjustment (OA), estimation of proline, glycine betaine (GB), sugar content, chlorophyll content (CC), relative water content (RWC), excised leaf water retention (ELWR), leaf succulence (LS) and cell membrane stability (CMS) were recorded. Similarly plant growth parameters i.e. shoot length (SL), root length (RL), fresh shoot weight (FRW), fresh root weight (FRW), total plant weight (TPW), dry shoot weight (DSW) and dry root weight (DRW) were determined. All physiological measurements and sampling for biochemical analysis were taken at 8:00am-11am.
Genetic components include genotypic variance (б 2 g ) and phenotypic variance (б 2 p ) computed according to Kown and Torrie (1964) , genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) were calculated method given by Burton. and Devane (1953) while broad sense heritability (h 2 bs ) analyzed according to Hanson et al. (1956) .
RESULTS AND DISCUSSION

Genotypic and Phenotypic Variability
The genotypic variability (δ 2 g ) of seventeen traits ranged from 0.003 to 95.296 for normal grown and 0.001 to 621.323 for stressed plant. Similarly phenotypic variance (δ 2 p ) ranged from 0.01 to 250.765 under normal and 0.004 to 685.416 under stressed condition. This demonstrated that t greater range of genotypic and phenotypic variability exists for all traits. Osmotic adjustment had least genotypic (0.019) and phenotypic (0.055) variance while cell membrane stability had maximum genotypic variability (111.665) and phenotypic variance (275.975). This result provided the evidence that greater variation exists among the genotypes for cell membrane stability. While cell membrane stability, excised leaf water loss, relative water content, proline, sugar and glycine betain under both conditions showed the highest genetic variability between the genotypes under normal and stress condition (Table 1) .
Growth parameters and chlorophyll content among other physiological traits had greater genotypic variance for normal than drought stressed plants. Similar behavior also revealed by phenotypic variance of growth traits, chlorophyll content, relative water content and leaf succulence except other physiological traits. While fresh shoot weight revealed the maximum value for genotypic and phenotypic variance under normal than drought treated. These results provided the evidence that growth related traits are influenced much under normal condition. While all physiological traits except chlorophyll content revealed the maximum genotypic variance and phenotypic variance under stress condition. This result convinced that most of physiological traits are activated and pronounced their effects when plants faced the drought stress condition. These observations are in agreement with findings of Khan et al. (2007) and Manggoel et al. (2012) . Greater differences between genotypic (б 2 g ) and phenotypic variances (б 2 p ) gave evidence that these traits were greatly influenced by the environment. Like traits excised leaf water retention and relative water content under normal condition while proline and relative water content under drought stress revealed the greater differences among phenotypic and genotypic variance.
Estimation of Coefficient of Variability
The genotypic coefficient of variability for growth and physiological traits ranged from 5.966% to 25.127% under normal grown plants, while drought stressed plants ranged from 5.063% to 42.982%. Under studied genotypes demonstrated the high level of genotypic coefficient of variability for ELWL and OA. This finding provides the evidence that these traits play an important role in genetic variation. Similarly the phenotypic coefficient of variability for growth and physiological traits ranged 11.481% to 34.524% under normal growth condition, while drought treated plants ranged from 9.576% to 44.246%. High level of phenotypic coefficient of variability contributed to fresh root weight, excised leaf water loss, leaf succulence, proline, sugar, glycine betaine and osmotic adjustment in studied genotypes. This convinced that environmental factors suppress the expression of traits.
Higher phenotypic coefficient of variability for traits like osmotic adjustment, leaf succulence, glycine betaine, proline, sugar and relative water content than the genotypic coefficient of variability is observed. This revealed the obvious influence of environment on the expression of these traits. These finding corroborated the observations reported by Soleymanifard et al., 2012 and Sedeek et al., 2009 . Fresh root weight and excised leaf water loss demonstrated the least difference between phenotypic coefficient of variability and genotypic coefficient of variability. Sedeek et al. (2009) were also observed the least difference between phenotypic and genotypic coefficient of variability. This revealed that most fraction of phenotypic coefficient of variation mostly contributed by the genetic components and least influenced by environmental factors. These traits might be genetically predominant and having ability for further improvement. Hence these variations can be exploited in wheat breeding program.
Heritability estimates
Heritability plays a predictive role in breeding programme, showing the reliability of phenotypes as a guide to its breeding value (Tazeen et al., 2009) . Superior heritability values recorded, indicates the possibility of improvement in the traits. Estimates of heritability in broad sense ranged from 94.1% to 8.9% in normal, while in stress broad sense heritability ranged from 94.4% to 25%. In normal growth condition, heritability was high for root length, fresh root weight, total weight and dry shoot weight. While in stress condition high for fresh root weight, total weight and excised leaf water retention prevailed among the studied genotypes. Cell membrane stability and osmotic adjustment demonstrated the moderate level of broad sense heritability.
Higher broad sense heritability magnitude revealed that greater proportion of the entire variance was due to the greater genotypic variance influenced less by environmental factors therefore having high heritable variations. Such findings were suitable for reliable selection of traits, which are the key components for any crop improvement program (Thiyagarajan, 1990) . The low broad sense heritability magnitude revealed traits under examination had lower genetic potentials. Kandic et al. (2009) suggested that the heritability of physiological traits is lower than the heritability of morphological traits. Similar trends were showed by relative water content and leaf succulence traits depicted lower heritability. This is due to the great contribution of the experimental error in the total phenotypic variability.
Least variation between phenotypic coefficient of variability and genotypic coefficient of variability correspond to high heritability were evaluated in different studies (Khan et al., 2007) . The interpretation of results revealed that traits like fresh root weight and excised leaf water retention in stress environment have less difference between phenotypic coefficient of variability and genotypic coefficient of variability correspond to high heritability. Like fresh root weight in normal environment showed the difference 0.778 correspond to 94.1% heritability, in stress difference showed 1.35 correspond to 87.5% h 2 (bs) . While excised leaf water retention in stress environment depicted the 1.246 difference between phenotypic coefficient of variability and genotypic coefficient of variability correspond to 94.4% broad sense heritability. Traits having fewer differences between phenotypic coefficient of variability and genotypic coefficient of variability corresponding high heritability indicated that selection would be effective.
CONCLUSION
These results provided the evidence that growth related traits are influenced much under normal condition and had pronounced difference for б 2 g and б 2 p . Proline and relative water content under drought stress condition demonstrated the greater differences among genotypic (б 2 g ) and phenotypic variances (б 2 p ) gave evidence that these traits were greatly influenced by the environment. Excised leaf water loss and fresh root weight showed least differences between GCV and PCV and corresponded to higher broad sense heritability, depicted these trait are genetically dominant and prevailing variations are heritable. This suggests that further improvement in these traits is possible. 
